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‘•'The  author  solves  the  problem  of  a  non  stationary  How  in  half 
snare  of  liouid  (the  nroblem  of  Ray  lei rh),  havinr  the  followinr  »  4‘ 
nrorert;j- — at- displacement  speed  pamma--  less-  tharrT'ammag  than- 
^»ammaQ—W-ith-a-vi s cos Ity,  Mui  but  at  parima  greater  than  rammao 

it  has  a  viscosity  of  Mu~.  -It  is  assumed  that  the  liouid  was 
initially  at  rest.  At  the  initial  moment  of  time  the  surface, 
on  top  of  which  the  liouid  is  found,  begins  to  move  with  constant  j 
speed.  Thus  a  boundary  arises  senaratinp  liquids  with vis¬ 
cosities.  Mu-) ,  and  Muo .  On  this  boundary  forward  creed  and  drift 
r.oeed  are  to  be  continuous.  The  solution  is  exnresse.3  through 
a  Lanlace  function.  In  the  statement  of  the  nroblem  considered 
»y  the  author  surface  forces  should  act  on  the  separation 
surfaces,  because  each  stress  in  the  nassare  from  on*'  rerlon 
to  another  underroes  an  interrupt ’ on. 
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THE  NON-STATIONARY  FLOW  OF  AN 
ANOMALOUS  VISCOUS  LIQUID 


0.  K.  Fedorov 

During  the  flow  of  a  dispersed  system  the  effect  of  a  sharp 
drop  in  viscosity  is  observed  at  a  certain  rate  of  deformation  of 
displacement  [1],  Such  an  anomaly  in  viscosity  can  lead  to  a 
unique  situation  when  two  areas  of  liquid  flow  are  formed:  an 
area  of  low  velocities  of  displacement,  characterized  by  a  high 
value  of  viscosity,  and  a  low-viscosity  area,  corresponding  to 
high  velocities  of  displacement.  Below  an  anlaysis  is  made  of 
the  problem  of  the  plane-parallel  flow  of  such  a  liquid  caused 
by  the  movement  of  flat  wall. 

During  the  flow  of  an  anomalous  viscous  liquid  the  stress 
of  the  displacement  t  Is  connected  with  the  velocity  of  displace¬ 
ment  v  by  the  dependence 


*  —  (1) 

where  u('f)  —  viscosity,  depending  on  the  velocity  of  displacement. 

At  y  *  there  ls  a  dr°P  ln  viscosity,  since  the  flow  of  a 
liquid  at  <  fg  can  be  characterized  by  the  viscosity  (the 

greatest  Newtonian  viscosity),  and  at  f  -  by  the  viscosity 

(the  least  Newtonian  viscosity). 
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The  liquid  occupies  the  half  space  y  >  0  and  is  in  contact 
with  the  wall  y  ■  0.  The  wall  moves  uniformly  at  a  constant  rate 
u  directed  along  the  axis  X.  The  velocity  v  of  plane-parallel 
flow  of  a  liquid  will  be  a  function  of  time  t  and  coordinate  y. 
The  field  of  velocities  of  displacement  deformation  of  the  liquid 
corresponds  to  two  values  of  viscosity  and  u2>  characterizing 
the  two  areas  of  flow.  The  surface  of  separation  between  the 
areas  is  determined  by  coordinate  Y(t),  whereas  on  this  surface 
the  conditions  of  continuity  of  the  field  of  velocities  v^^  2 
and  the  field  of  velocities  of  displacement  y^  2  should  be 
satisfied  (subscripts  1,  2  are  taken  for  areas  with  the  corres¬ 
ponding  values  of  viscosity  u1  and  u2).  0n  the  moving  wall 
y  ■  0,  therefore  the  area  with  viscosity  adjoins  it. 

It  follows  from  the  Navier-Stokes  equations  that  without  a 
calculation  for  the  pressure  gradient 


wi 

where  v^^  ■  o  -  density  of  the  liquid. 

Let  us  present  the  boundary  conditions  in  the  form 


vi-mu  when  y— 0,  t*,— o  when  y— op,  (3) 

.  when  y*)' (/)*  ( 4 ) 

Serving  for  the  determination  of  trio  surface  of  separation 
is  the  condition  that  the  velocity  of  displacement  on  it  is  equal 
to  r0: 

■§— — i  at  y—K(0.  (5) 


In  such  a  formulation  the  examined  problem  in  close  to  the  known 
.'be fan  problem  concerning  the  freezing  of  J  •>  [2], 
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The  solution  o f  equation  (2),  satisfying  the  boundary  con¬ 
ditions  (3)»  we  present  in  the  form 


v'-u-m[wst) 


Here 


is  the  Laplace  function;  A  and  B  -  arbitrary  constants.  Using 
conditions  (4)  and  (5)  we  obtain 

v  rV  *(»»  (6; 


„ _ Yj o  !-*(>•> 

v*~  >.0  *'('o>  ’ 


where 


2i^r  *  ,-°  2?v  ’ 


y?. 


whereas  Y(t)  is  determined  from  the  equation 


1  —  «fr  (>^>)  ,  1  4*  (»>e)  .  _  «>o  (o, 

«X»'  <>o)  ""  }'fo  * 

Expressions  (6)  and  (7)  are  the  solutions  of  the  problem 
which  satisfy  the  following  conditions:  f  =  0,Y  =  0,V2®0, 
i.e.,  at  the  initial  moment  all  the  liquid  is  stationary. 


We  will  make  use  of  the  fact  that  usually  >>  u2l  then 
ot  «  1.  Using  for  the  Lapalce  function  the  concept  in  the  form 
of  a  series  and  retaining  in  it  only  the  first  member,  we  obtain 
the  following  expression  for  the  velocity  of  flow  of  a  liquid  in 
a  highly  viscous  area 

—  foy,  (9) 

We  arrive  at  such  an  expression  if  we  examine  the  flow  of  a  liquid 
at  f  Prom  here  it  follows  that  in  a  highly  viscous  wall 

zone  the  flow  is  established  very  rapidly  and  it  depends  on  the 
rate  of  movement  of  the  wall  u  and  the  velocity  of  displacement  yq. 
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